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Abstract:  
Effects of light, temperature and pretreatments (scarification followed by cold stratification) on seed germination of 
Rhus coriaria L. were investigated in this study.  Responses in germination varied and were clearly influenced by the 
methods used to break dormancy. Scarification with sulfuric acid for 60 min followed by cold stratification for 60 or 
90 days in Rhus coriaria gave the highest germination percentage. Germination of the seeds pretreated with sulfuric 
acid for 60 min followed by cold stratification for 60 days differed significantly between light and temperature. 
Germination percentage and germination rate were the highest at 25/15 0C under 12 h photoperiod.  
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Introduction:  
The genus sumac consists of about 150 species 
of deciduous or evergreen shrubs, trees, and 
vines indigenous to temperate and subtropical 
regions of both hemispheres (Rehder 1990; 
RHS 1994; Rowe and Blazich 2008). They occur 
frequently as pioneer species on disturbed 
sites and abandoned fields and along 
woodland borders. However, they are 
intolerant of shade and cannot compete with 
invading trees (Gill and Healy 1974). Sumacs 
are tolerant of poor, sandy, or rocky soils, and 
of soil moisture regimes ranging from dry to 
wet (Johnson et al. 1966).The species is ideally 
suited for roadside plantings, revegetation of 
areas of eroded or depleted soils, range 
reclamation and mine spoils restoration, and 
other conservation plantings (Brinkman 1974; 
Humphrey 1983). Sumacs are recommended as 
ornamental shrubs for dry and open sites, but 
cultivation is easy in any garden soil. Species of 
sumac also provide wildlife with habitat and an 
important source of food. Their thicket-forming 
growth provides excellent cover for birds and 
animals. The fruits, produced in large 
quantities each year, are eaten by over 30 
species of birds, as well as rodents and other 
mammals (Brinkman 1974; Elias 1989). 
Elm-leaved sumac (Rhus coriaria L.) is a 
decidious shrub growing to 3 m. It is in flower 
from July to August and it occurs on rocky 
places and waysides (Huxley 1992). Seeds of 
Rhus L. species have physical dormancy caused 
by a water impermeable endocarp, and some 
have physiological dormancy as well (Brinkman 
1974; Li et al. 1999a and 1999b; Rowe 2002). 
Mechanical scarification, dry heating, dipping 
in hot water, fire, and soaking in concentrated 
sulphuric acid were used in attempts to render 
seeds permeable, and the results were varied 
(Heit 1967; Brinkman 1974; Norton 1985; 
Rasmussen and Wright 1988; Tipton 1992; Li et 
al. 1999a). Some Rhus species also require a 
cold stratification in addition to scarification 
before germination will occur (Heit 1967; 
Norton 1985; Hubbard 1986; Tipton 1992; Li et 
al. 1999b). The degree of seedcoat hardness 
and embryo dormancy varies within and 
among seedlots for most species (Krugman 
1974; Hartmann et al. 1997). 
Temperature and light affect seed germination 
percentage and germination rate in some 
species (Bewley and Black 1994; Edwards and 
El-Kassaby 1996; Villiers et al. 2002; Phartyal et 
al. 2003; Çiçek and Tilki 2006 and 2007; Tilki ve 
Güner 2007; Slabaugh and Shaw 2008). Light 
and temperature influence germination, and 
when seeds were subjected to total darkness, 
the percentage germination of seedlots of 
smooth sumac (Brinkman 1974) and prairie 
sumac (Rasmussen and Wright 1988) were 
reduced. Likewise, temperature also is 
important. Evergreen sumac germinated at 
temperatures ranging from 21 to 30 0C (Tipton 
1992), similar to that reported for other 
sumacs (Brinkman 1974). In studies with 
alternating day/night temperatures, 
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percentage germination of smooth sumac and 
shining sumac seedlots was significantly 
greater when they were subjected to an 
alternating temperature (16/8 hours) of 20/10 
0C than at 15/5 C or 30/20 0C. Germination rate 
was also affectedCgermination was completed 
within 10 days at 20/10 0C and 30/20 0C but 
took 20 days at 15/5 0C (Farmer et al. 1982).  
Since determining the optimal pretreatments, 
and temperature and light demand is 
paramount, the objectives of this research 
were to examine the influence of 
pretreatment, temperature, and light on seed 
germination of Rhus coriaria.  
Materials and Methods 
Seed collection and pretreatments:  
Seeds of R. coriaria were collected from its 
natural habitat in October 2011 in Artvin 
Turkey. Seeds were treated with concentrated 
sulfuric acid (H2SO4, 96%) for 30, 60, 90 and 
120 minutes at room temperature (20 °C) 
followed by cold stratification (30, 60 and 90 
days).  Seeds in acid were stirred periodically.  
After the treatments, seeds were thoroughly 
rinsed with running water for about 15 
minutes. Followed the each chemical 
scarification treatment (with sulfuric acid), 
seeds were stratified in moist sand for 30, 60 
and 90 days at a constant temperature of 4±1 
°C.  After each treatment, the seeds were 
removed from the sand and placed into Petri 
dishes for germination.    
Light and temperature treatments:  
Seeds treated with sulfuric acid for 60 min 
followed by cold stratification for 60 days were 
germinated at 20 and 25/15 ºC in dark or 12-h 
light photoperiod provided by cool-white 
fluorescent lamps to find the effects of light 
and temperature on seed germination 
percentage and germination rate.  
Seed germination tests:  
Seeds were germinated in Petri dishes, 12 cm 
in diameter, (4 replicates of 50 seeds each) 
containing two layers of filter paper moistened 
with distilled water.  Germination tests were 
conducted in a germination chamber kept at 
20ºC at a 12 h photoperiod (with the exception 
of light and temperature experiment). Seeds 
were monitored every day and moistened with 
distilled water if necessary. Germination 
counts were recorded every day for 30 days 
and seeds were considered germinated when 
their radicle protruded. Germination 
percentage (GP) was calculated each day and 
as the final value after 30 days. Germination 
rate was calculated and expressed as peak 
value (PV), an index of germination speed 
which is the highest number obtained when 
percentage germination is divided by the 
number of elapsed days (Czabator 1962). 
Statistical analysis:   
All treatments were conducted in a completely 
randomized design using fifty seeds each in 
four replicates for all treatments. Data on 
percent germination were arcsine transformed 
to stabilize any heterogeneous variance and 
mean values were subjected to analysis of 
variance (ANOVA) using SPSS for windows. 
Whenever significant differences were 
identified, Duncan’s New Multiple Range Test 
was estimated for the comparison of 
population and treatment means (p<0.05) (Zar 
1984). 
Results and Discussion:  
The seeds of elm-leaved sumac showed a high 
degree of dormancy in this study. Responses in 
germination varied and were clearly influenced 
by the methods used to break dormancy in the 
species. The analysis summarized in table 1 
revealed that pretreatment had a highly 
significant effect on the germination 
percentage. Germination response varied 
significantly across the treatments. Without 
treatments, 4% of seeds of elm-leaved sumac 
germinated, and pretreatments increased 
germination percentage. In this study 
scarification with sulfuric acid for 60 min 
followed by cold stratification for 60 or 90 days 
in elm-leaved sumac gave the highest 
germination percentage (>64 %). This definite 
response to stratification is typical of dormant 
seed sources. In a previous study, cold 
stratificaton, submersion of boiling water, high 
temperatures or soaking in H2SO4 were not 
effective to overcome seed dormancy in elm-
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leaved sumac (Tilki et al. 2013).  Scarification 
with sulfuric acid for 30 or 60 min followed by 
cold stratification for 60 or 90 days in elm-
leaved sumac gave the highest germination in 
that study. The result found in the present 
study agrees with the findings of Tilki et al. 
(2013).  
Table 1.  Germination of Rhus coriaria seeds as affected by duration of acid scarification (min) + cold stratification (day) 
pretreatment.  
Pretreatment Germination (%) 






+ cold stratification (day) 
30 + 30  38.0e 
9 30  + 60  60.0b 
10 30  + 90  61.0b 
11 60  + 30  52.5c 
12 60  + 60  69.5a 
13 60  + 90  65.0ab 
14 90  + 30  59.5b 
15 90  + 60  53.5c 
16 90  + 90  48.5d 
17 120  + 30  44.5d 
18 120  + 60  46.5d 
19 120  + 90  36.0e 
Means falloved by same latter are not significantly different 
Immersion in boiling water was the best 
method to render seeds of Rhus glabra and 
Rhus typhina permeable, yet it was ineffective 
for those of Rhus aromatica, Rhus trilobata, 
and Rhus virens. In contrast, a 1 h-soaking in 
concentrated H2SO4 was ineffective in R. glabra 
and R. typhina. Thus, there seems to be a 
tendency for seeds ofsubgenus Rhus to 
respond well to boiling in water, but not to 
soaking in H2SO4  (Li et al. 1999a). It was found 
that immersion in boiling water, cold 
stratification, high temperatures or soaking in 
H2SO4 increase germination percentage but 
this increase was belowe that of a combination 
of scarification and stratification in this study. 
In another study, physiological dormancy was 
present in R. aromatica, but not in R. trilobata. 
Stratification at 5 0C for 1 week or incubation in 
500 or 1000 mg/l solutions of gibberellic acid 
broke physiological dormancy in > 90% of the 
Rhus aromatica seeds (Li et al. 1999b). 
Farmer et al. (1982) reported that without 
scarification, <5% of seeds of smooth sumac 
germinated, but 3 to 4 hours of scarification in 
concentrated sulfuric acid promoted an 
average of 58% germination. Even after 20 
years, without scarification, 3% of the seeds 
receiving no acid treatment germinated. 
However, there was a gradual increase in the 
number of decayed seeds with increasing 
durations of scarification. Germination of seeds 
of prairie sumac scarified with sulfuric acid was 
greatest when they were soaked for 60 
minutes but was less than that of seeds that 
were mechanically scarified or treated with 
wet heat at 94 or 97 0C (Rasmussen and Wright 
1988). Gibberellins and ethylene or ethephon 
(2-chloroethyl phosphonic acid) are known to 
overcome dormancy in seeds of some species 
by completely or partially substituting for the 
moist-prechilling requirement (Norton 1985; 
Hartman et al.1997). In other species such as 
fragrant sumac and skunkbush sumac, seed 
dormancy is caused by both a hard seedcoat 
and a dormant embryo, thus requiring both 
scarification and stratification for optimum 
germination (Heit 1967). Skunkbush sumac 
requires 1.5 to 2 hours of scarification and 1 
month or slightly longer of moist prechilling for 
maximum germination (Weber et al 1982). 
Seeds of evergreen sumac need to be acid-
scarified with concentrated sulfuric acid for 50 
minutes and then cold-stratified for 73 days  
(Hubbard 1986; Tipton 1992).  
Light and temperature influenced seed 
germination following pretreatment (sulfuric 
acid for 60 min followed by cold stratification 
for 60 days) (Table 2).  Seeds germinated at 
25/15 ºC had the higher germination than that 
at 20 ºC when averaged over two light 
durations.  The data in table 2 indicate that 
germination percentage was lower under 
Fahrettin Tilki and Fatih Bayraktar 
199 | I n t e r n a t i o n a l  C a u c a s i a n  F o r e s t r y  S y m p o s i u m  
continuous darkness than light conditions for 
all temperatures used in this study.    
Table 2. Effects of temperature and light on seed 
germination percentage of Rhus coriaria 
Light duration 
(h) 
Temperature ( 0C) Mean 
20 25/15  
0 61,0 63,0 62,0B 
12 67,5 76,5 72.0A 
Mean    64,2b 69,8a  
Means falloved by same latter are not significantly 
different 
The germination rate (PV) also varied 
significantly between temperature regimes and 
light durations (Table 3). There were no 
significant interactions. Light significantly 
increased germination rate at both 
temperatures.  Temperature of 25/15 oC 
increased germination rate under darkness or 
light. In general, Germination rate was the 
highest at 25/15 oC under light condition. 
Table 3. Effects of temperature and light on seed 
germination rate of of Rhus coriaria 
Light duration 
(h) 
Temperature ( 0C) Mean 
20 25/15  
0 2,2 2,7 2,5B 
12 3,1 3,7 3,3A 
     Mean 2,6b 3,2a  
Means falloved by same latter are not significantly 
different 
Generally, temperature and light requirements 
for seed germination vary among and within 
species (McDermott 1973; Gonzales et al. 
1997; Jull et al. 1999; Jull and Blazich 2000; 
Phartyal et al. 2003; Çiçek and Tilki 2006 and 
2007; Tilki and Güner 2007).  Light and 
temperature influence germination, and when 
seeds were subjected to total darkness, the 
percentage germination of seedlots of smooth 
sumac (Brinkman 1974) and prairie sumac 
(Rasmussen and Wright 1988) were reduced. 
Heit (1967) also stressed the importance of 
germination in the presence of light. Likewise, 
temperature also is important. Evergreen 
sumac germinated at temperatures ranging 
from 21 to 30 C (Tipton 1992), similar to that 
reported for other sumacs (Brinkman 1974). 
Final percentage germination declined with 
increasing temperature from a predicted 
maximum of 52% at 21 C, whereas maximum 
germination rate increased with temperature 
to a predicted maximum of 69% germination at 
31 C. These results demonstrate that under 
low temperatures germination would be 
delayed and slow, but eventually yield more 
seedlings. Under high temperatures, 
germination would also be delayed, but 
relatively rapid, yet it would yield few seedlings 
(Tipton 1992). In studies with alternating 
day/night temperatures, percentage 
germination of smooth sumac and shining 
sumac seedlots was significantly greater when 
they were subjected to an alternating 
temperature (16/8 hours) of 20/10 oC than at 
15/5 oC or 30/20 oC. Germination rate was also 
affected and germination was completed 
within 10 days at 20/10 oC and 30/20 oC but 
took 20 days at 15/5 oC (Farmer et al. 1982). 
Maximum germination of prairie sumac 
occurred when seeds were subjected to 
alternating temperatures of 20/10 oC with a 
short-day light cycle of 8 hours of light and 16 
hours of darkness (Rasmussen and Wright 
1988). 
In conclusion, this study showed that seed 
dormancy of elm-leaved sumac can overcome 
by scarification followed by startification, and 
germination percentage was the highest in a 
combination of scarification (60 min) and 
stratification (60 or 90 days). Light and 
temperature influenced seed germination 
following pretreatment (sulfuric acid for 60 min 
followed by cold stratification for 60 days), and 
germination percentage and germination rate 
were the highest at 25/15 0C under 12 h 
photoperiod.  
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